








    ꥠꛌ(nanometer)걏꫸ꯗꪺ돦ꛬꅁ결10- 9 m(ꑑ믵꓀꒧ꑀꛌ)ꅁ볆뻇닅뢹결
nmꅃ덯둘꙾ꥠꛌꙗ뗼Ꙣꕸ왗ꢳ덴슫공ꅁ덜Ꙩ늣ꭾ뙽ꥬ뇄ꗎꥠꛌ꿅ꓘꑯꪺ꟞덎ꅁ
뙽땯ꕘꙨ뚵꫾ꕛ믹귈ꅃ 
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                      맏1  뭳덹곬꟞꡴닎 ( 붲뿼샜ꅂ뢭ꭔ낶, 2005) 





































































ꛌ곬뻇뫴ꅁ2006.8)ꅃ뱷냪꯴쎹ꗬ꽓ꑪ뻇(University of Bayreuth)ꪺNatalia 
Dubrovinskaia떥ꑈꅁꑷ롧뭳덹ꕘ땷ꯗꓱ왰ꗛ쇙낪ꪺꟷ껆ꅁ뭅뚰왰ꗛꥠꛌ듎





















































































































륂뿩믝ꡄ  륂뿩곬꟞꡴닎 륂뿩믝ꡄ몡ꢬ
곬꟞ꓨꩫ
룪랽 










































뿼(indium-tin oxideꅁ ITO)뱨ꪺ곁볾ꑗꪽ놵ꗍ꫸Ꙩ뻀ꚡꥠꛌ뫒뫞(multiwalled 
































TSMC ꫭꗜꅁꑝ럇돆뙽ꥬ뒣꣑ 45nm ꪺꥠꛌ꟞덎뭳땻ꅁꕩꢣꥠꛌ꟞덎ꙢꟚ냪룪
끔ꑵ띾ꪺ궫굮꧊ꅃ둎 65 ꥠꛌ뭳땻뭐 45 ꥠꛌ뒹ꓹꓱ룻ꅁꟚ귌ꕩꕈ곝ꢣꪺꯂꑏ걏
꒸ꗳ녋ꯗ라궿뱗ꅁ뒣ꩀ늣ꭾꕜ꿠륷군ꕩ륆 40%꧎듮ꓖ꒸ꗳꓘꑯ륆 40%(륱ꑬꑵ
땻녍뿨ꅁ2007.4)ꅃ 









































































2004 ꙾ 7 ꓫ땯ꫭ돸ꝩꅁꯘ쒳ꥠꛌ곬꟞믝굮썂ꕾꪺ듺룕뭐뗻꛴ꅁꓗ꣤ꥠꛌꪺꟷ껆
삳룓ꕛꕈ뫞놱ꅁ쇗ꝋ쓀ꕘ꣬샴맒꒧꒤ꅁꙐ껉냓ꭾꑗꖫꭥꅁ삳룓롧륌샋엧덜ꕩꅁꑾ
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